st|c4l fclLL 

q 30115 



Fr In- V Patten, Patricia 

Seni; \, Tuesday. November 12, 2002 4:27 PM 

t • |[ h STIC-ILL 

SubjgS^ reference for 09/486,239 



Tl Inhibition of Listeria monocytogenes and Salmonella enteriditis by 

combinations of plant oils and derivatives of benzoic acid: the 

development of synergistic antimicrobial combinations. 
AV Fyfe L; Armstrong F; Stewart J 

CS Department of Dietetics and Nutrition, Queen Margaret College, Edinburgh, 
UK. 

SO INTERNATIONAL JOURNAL OF ANTIMICROBIAL AGENTS, (1997 Jan) 9 C3) 195-9. 

Journal code: 9111860. ISSN: 0924-8579. 
CY Netherlands 

DT Journal; Article; (JOURNAL ARTICLE) 
LA Englsb 



Thank you! 



(Patricia (Patten 
(patent ( E^aminer 



VS latent atufTrademariOfice (p(ftTfflf?iU|ljkl5) 

-(BiotecdnoCogy Center 1600- ©VJLJiW 
Jlrt Unit 1654 
308-1189 a 




tion Center 
; b , ,;,v !^ RSD 

PAT. >T.M ? OFFICE^ 

^ Scientific and Technfoe! v 

1 Information Center 

PAT. & T.M. OFFICE 



1 




ELSEVIER 



International Journal of Antimicrobial Agents ^(1998)^95-199 



INTERNATIONAL fOLRNAL OF 

Antimicrobial 
Agents 



Inhibition of Listeria monocytogenes and Salmonella enteriditis by 
combinations of plant oils and derivatives of benzoic acid: the 
development of synergistic antimicrobial combinations 1 

Lorna Fyfe a b -*, Fiona Armstrong a b , John Stewart c 

" Department of Dietetics and Nutrition. Queen Margaret College, Clerwood Terrace, Edinburgh EH 1 2 8TS, UK 
b Centre for Food Research, Queen Margaret College. Clerwood Terrace, Edinburgh EH 12 8TS, UK 
'Department of Medical Microbiology, University of Edinburgh, Medical School, Teviot Place. Edinburgh EH 8 9 AG, UK 



Accepted ^November 1997^ V ^ 



Abstract 



This study describes inhibitory properties of combinations of oil of fennel., oil of anise or oil of basil with either benzoic acid 
or methyl-paraben against Listeria monocytogenes and Salmonella enteriditis. Micro-organisms were cultured at 37°C in broth and 
viable counts measured over a 48-h period. 5. enteriditis was particularly sensitive to inhibition by a combination of oil of anise, 
fennel or basil with methyl-paraben where there was < 10 CFU/ml after 1 h. L. monocytogenes was less sensitive to inhibition by 
each combination however there was a significant reduction in growth of 4-8 log by combinations of all oils and methyl-paraben 
at 8, 24 and 48 h. Synergistic inhibition by one or more combinations was evident against each micro-organism. €> 1998 Elsevier 
Science B.V. 

Keywords: Synergistic inhibition; Food-borne pathogens; Plant oils; Benzoic acid 



1. Introduction 

Listeria monocytogenes and Salmonella enteriditis are 
food-borne pathogens responsible for the significant 
increase in food-borne diseases observed over the past 
few years [1]. Susceptible individuals tend to be the very 
young, elderly and pregnant women who are particu- 
larly susceptible to listeriosis [2]. There are a variety of 
'traditional' procedures used to control these micro-or- 
ganisms, including good hygiene procedures and pres- 
sure and heat treatment [3], however there is little 
evidence of the widespread use of an effective synergis- 
tic combination preservative system to limit the spread 
of infection. Individual chemical preservatives such as 
organic acids [4] have been shown to inhibit food-borne 

* Corresponding author. Tel.: + 44 131 173530; fax:-*- 44 131 
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pathogens and more recently, nisin, which is produced 
by Lactococcus lad is, has been shown to inhibit L. 
monocytogenes [5]. This microbe, unlike S. enteriditis, is 
capable of growth at 4°C and can readily achieve an 
infectious dose at this refrigeration temperature [6]. 

Inhibitory properties of plant oils have been known 
for some years [7] and recently Tassov et al. [8] de- 
scribed inhibition of S. enteriditis and L. monocytogenes 
in a model food system at 4 and 10°C by oil of mint. 

Benzoic acid has been found as a Natural* break- 
down product in several milk-based products, such as 
yoghurt, milk and cheese, and is one of the first and 
most widely used preservatives in the world because it 
is relatively inexpensive and has low toxicity [9], Fur- 
thermore, it has been shown to be inhibitory against 
food poisoning and spore forming bacteria [9] and has 
been shown to act synergistically with several compo- 
nents, such as sodium chloride and boric acid, against a 
variety of micro-organisms [10]. 
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Phenolic compounds such as methyl-paraben (esters 
of /j-hydroxybenzoic acid) have been licensed for di- 
rect use in foods at a concentration not exceeding 
0.1% [11], 0.1% methyl-paraben has been shown to be 
weakly inhibitory towards Staphylococcus aureus and 
Escherichia coli but possesses synergistic antimicrobial 
properties when in combination with oil of fennel 
against these micro-organisms [12]. 

The work described in this paper indicates the po- 
tential of a combination of plant essential oil (oil of 
fennel, anise or basil) with either benzoic acid or 
methyl-paraben as effective inhibitors of food-borne 
pathogenic bacteria S. enteriditis and L. monocytoge- 
nes. Furthermore, several of these combinations are 
shown to exhibit synergistic antimicrobial properties 
which means that one or more components of the 
combination could be used at a relatively low concen- 
tration. This would clearly be useful in terms of cost, 
but more importantly could be more acceptable to the 
general public who have become increasingly critical 
of the use of chemical preservatives in food. In addi- 
tion a combination containing a plant oil may be 
perceived by the general public as natural rather than 
chemical. 



2. Materials and methods 

2. /. Maintenance of bacteria 

L. monocytogenes 11994 and S. enteriditis 4444 were 
purchased from the National Collection Type Culture, 
Porton Down, Wiltshire, UK. Each was stored for the 
long term in glycerol at — 20°C, in the medium term 
on tryptone soya Agar (TSA) slopes and in the short 
term on TSA plates. Ail agar and broth (Tryptone 
Soya Broth) was purchased from Oxoid-Unipath, 
Basingstoke, UK). 

2.2. Reagents 

Oils of fennel, anise and basil were generously sup- 
plied by F.D. Copeland and Sons, Colanol House, 5 
Westfield Street, London, UK. Benzoic acid, methyl- 
paraben and phosphate buffered saline (PBS) were 
purchased from Sigma-Aldrich, Poole, UK. 

2.3. Experimental procedure 

An overnight TSB culture (10 //I) of L. monocytoge- 
nes or S. enteriditis incubated at 37°C was added to 10 
ml of TSB containing 0.2% of oil of fennel, 0.2% oil 
of anise, 0.2% or 0.02% oil of basil in combination 
with 0.1% benzoic acid or 0.1% methyl-paraben. Cor- 



responding controls were also prepared thus 10 p\ of 
each overnight culture was added to the appropriate 
broth only. All tubes were incubated at 37°C. 1 ml 
samples were removed from each test and control after 
vortexing at 0, 1, 4, 8, 24 and 48 h and serially diluted 
in 0.01 M PBS. From each dilution, 100 n\ was placed 
on an agar plate and spread across the surface. Plates 
were incubated at 37°C and colonies counted as 
colony forming units per ml (CFU/ml). As ethanol 
was used to prepare solutions of benzoic acid and 
methyl-paraben a diluent control was used where 
ethanol was added to each culture medium. The 
ethanol present was shown not to exhibit any in- 
hibitory properties against micro-organisms tested. 
Due to the limitation of the serial dilution technique it 
was not possible to determine CFU of less than 10/ml. 

Oils of fennel and anise were used at 0.2% and 
whilst oil of basil was originally used for comparative 
purposes at 0.2% it was later used at 0.02%. Benzoic 
acid and methyl-paraben were used at 0.1%. Several 
factors were considered when choosing these concen- 
trations. Firstly, to determine the presence of synergis- 
tic inhibition by a combination it was necessary to use 
each component of the combination at a concentration 
which was relatively weakly inhibitory over the 
timescale of the experiment. Secondly, with respect to 
benzoic acid and methyl-paraben these cannot be used 
in foods in excess of 0.1% [11]. 

2 A. Reproducibility 

Triplicate plates were prepared for each dilution and 
the mean count of the three plates was determined. 
The standard error of the mean was < 10%. Each 
experiment was performed on three separate occasions. 
The mean count from the three separate experiments 
and the corresponding standard error of the mean 
which are shown in the results section. 

2.5. Statistical test 

Two-tailed paired Student's /-test was used to 
analyse inhibition caused by a combination compared 
to the corresponding control. Differences were judged 
to be statistically significant when P < 0.05. 

2.6. Definition of synergy 

The definition used is that of Eliopoulos and Moel- 
lering [13] thus inhibition is defined as synergistic 
when the combined preservatives demonstrate > 1 
log, 0 greater inhibition than the sum of the inhibitory 
effects of the preservatives used alone. This definition 
is also in agreement with Mims et al. [14]. 



/» Fyfe et al /International Journal of Antimicrobial Agents 9 (1998) 195 ■ 199 197 

Table 1 

Inhibition of L. monocytogenes and S. enteriditis by combinations of plant oils and benzoic acid or methyl-paraben at 37°C over a period of 48 



Time lh 4h • 8 h 24 h 48 h 



L. monocytogenes 



Control 


6.46 + 0.02 


7.43 + 0.04 


8.63 ± 0.09 


9.3 ±0.03 


9.06 ±0.04 


OA 


6.13 + 0.01 


6.27 ±0.04 


6.64 ±0.16 


8.76 + 0.01 


8.96 ± 0.03 


OF 


5.9 ±0.12 


5.74 + 0.11 A 


5.67 ± 0.29* 


6.42 ± 0.4 1 A 


8.53±0.33 A 


OR 




< l.tr^ 


<; 1.0^ 


< 1.0* 


<I.0 A 


BA 


6.33 ±0.1 1 


7 ?7 -;- ft ftd 


ft 1 A. 4. f\ flA 


A AO _i_ A Al 

y.yjy ± 0.03 


9.0 ± 0,06 


MP 


ft 49 + n ni 


7 ft7 4- A ft*> 


"7 Q£ _i_ A AC 


9.27 ± 0.02 


9.24 ± 0.02 


OA/BA 




A no 4- ft 1 a 

0.U7 x I 


C l\A _l_ A 1 ilA 

0.U4 ± «. 1 0 


n A 1 1 rt 

7.21 ± 0.36 


8.58 ± 0.13 A 


OA/MP 




J. I J x U.Uj 


? *>*7 -LAI fA 


4.16 x 0.37* ,a 


2.5 ±0.1 6*** 


OF/BA 


S 96 4- 0 OS 

J./D X V/tl/J 


j.jj x u. It/ 


C f\H _i_ A /OA 

j.UO ± 0.42 


C AT 1 rt A 

5.07+0.27*^ 


4.77 ± 0.36*-* 


OF/MP 


S 4- ft ?"5 


J.j x U. Iz 


4. IS ± 0.29^ 


/■ ji t rt 1 rt * A 

3.64±0.18*' A 


1.99 ±0.09* A 


OB'BA 


7 7*7 4- n 1 1 A 


^ 1 aa 
< 1 .u 


< l.0 A 


< 1.0* 


<I.0 A 


OB/MP 


J.I X U.Uo 




< 1.0* 


< 1.0* 


<1.0 A 


OR' 


O.l J T U.U / 


O.I 5 x "* 10 


0. 1 1 ± 0.24° 


6.04 ±0.1 8 A 


7.53 + 0.22 A 


OR' ,'RA 


c 1 n 4. ft fit 


C Al 1 A AAA 


5.93 x 0.09- 1 


5.97 + 0.57 A 


7.46 ± 0.20 A 


OB/MP 


D.UV x U.Uo 


5 A. A AilA 

j.yz + u.uo 


5.66 ± 0.S8 


4.33 ±0.18*** 


2.64 ± 0.1 8*-* 


. enteriditis 












Control 


6.05 ±0.02 


6.SI+0.02 


8.20 ± 0.06 


9,04 ± 0.05 


9.10 + 0.04 


OA 


3.60±0.21 A 


3.75±0.28 A 


5.03 ± 0.36 A 


8.04±0.1 A 


6.50x0^ 


OF 


4.22 + 0.07 A 


4.20 ± 0.26 A 


5.65 ± 0.32 A 


8 36 + 0 03 A 


S 11 4- ft 1 1 A 
J.ljlu.M 


OB 


1.43±0.05 A 


<1.0 A 


<1.0 A 


<L0 A 


<1.0 A 


BA 


6.02 ±0.04 


6.46 ±0.01 


7.32 ± 0.08 


8.67 ±0.14 


8.52 ±0.03 


MP 


6.04 ±0.05 


6.32 ± 0.03 


6.63 ± 0.03 


8.36 ± 0.05 


8.45 ±0.11 


OA/BA 


4.74±0.16 A 


5.1 +0.32 A 


4.54 + 0.26 A 


7,04 ± 0.02 A 


7.69 ± 0.08 A 


OA/MP 


<1.0* A 


<1.0* A 


<1.0* A 


<].0* A 


<1.0* A 


OF/BA 


4.49 + 0.09 A 


4.42 ± 0.08 A 


5.53 + 0.13* 


7.93±0.06 A 


7.25 ± 0.1 5 A 


OF/MP 


<1.0*- A 


<1.0** A 


<1.0** A 


<1.0* A 


<1.0 A 


OB/BA 


2.39±0.18 A 


i.60±0.18 A 


2.14±0.I1 A 


4.57 ± 0.33 A 


6.85±0.09 A 


OB/MP 


<1.0 A 


<1.0 A 


<1.0 A 


<1.0 A 


<1.0 A 


OB 


6.03 ± 0.05 


6.83 ± 0.04 


8.16 + 0.08 


8.97 + 0.07 


8.70 ±0.03 


OB/BA 


5.97 ±0.03 


6.42 ±0.02 


7.29 ± 0.04 


8.79 ±0.18 


8.56 ±0.02 


OB/MP 


6.06 ±0.03 


6.24 ±0.05 


6.39 + 0.12 


7.90 ±0.22 


8.46 ±0.03 



The starting inoculum for L. monocytogenes was 6.45 ± 0.02 and for 5. enteriditis it was 6.08 ± 0.03. 

OA, oil of anise at 0.2%; OF, oil of fennel at 0.2%; OB, oil of basil at 0.2%; OB\ oil of basil at 0.02%; BA, benzoic acid at 0.1%; MP, 
methyl-paraben at 0,1%. 

Numbers represent the log, 0 of the mean of the count ± 1 SEM from three separate experiments. A = P<0.05 inhibition compared to that of 
corresponding control. 
* Synergistic inhibition. 



3. Results 

3.1. Listeria monocytogenes 

ft can be seen from Table 1 that oil of basil at 0.2% 
was a potent inhibitor of this microbe where cells were 
undetectable ( < 10 CFU/ml) at 4, 8, 24 and 48 h. Even 
at only 1 h of culture there was only 3.4 log 10 CFU/ml 
which represents a reduction of 3.0 Iog !0 compared to 
the corresponding control. Oil of fennel (0.2%) was less 
inhibitory although there was inhibition of growth by 
17-3.0 log 10 at 4, 8 and 24 h. Oil of anise, benzoic acid 
and methyl-paraben were not inhibitory over the 48 h. 

For all combinations those containing methyl- 
paraben were more inhibitory than those containing 
benzoic acid and those containing oil of fennel were 
more inhibitory than those containing oil of anise. 



Thus, for oil of anise and methyl-paraben there was 6.6 
log IO reduction in growth at 48 h compared to 0.5 log l0 
reduction for oil of anise and benzoic acid. For oil of 
fennel and benzoic acid there was 2-4.2 logj 0 inhibition 
of growth at times of 4 h and above, while the combi- 
nation of oil of fennel and methyl-paraben exhibited 
extensive inhibition of growth after 8 h of 4.5 log 10 -7.1 
log 10 CFU/ml. 

With respect to synergistic inhibition this was evident 
at 24 and 48 h for oil of anise with methyl-paraben and 
combinations of oil of fennel with benzoic acid or 
methyl-paraben. For example when oils were used with 
methyl-paraben there was over 6 log, 0 more inhibition 
than with additive inhibition with separate preserva- 
tives at 48 h. Even when oil of fennel was used with 
benzoic acid there was over 3 log, 0 more inhibition than 
with separate components at 48 h. 
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As mentioned previously, oil of basil (0.2%) was a 
potent inhibitor of L. monocytogenes in its own right 
and it was not possible to determine synergistic inhibi- 
tion by combinations containing basil at this concentra- 
tion. Oil of basil (0.02%) was however bacteriostatic 
over a 24-h period with a reduction in growth of 1 .5 
log, 0 at 48 h compared to the control. The combination 
of 0.02% oil of basil and benzoic acid exhibited the 
same pattern of inhibition as the oil on its own. Oil of 
basil and methyl-paraben inhibited growth at 24 and 48 
h by more than 5.0 log 10> indeed synergistic inhibition 
was detected at these times but at 48 h there was over 
5.0 log, 0 more inhibition than with the separate preser- 
vatives. 

3.2. Salmonella enteriditis 

Individual oils at 0.2% and combinations of oils with 
benzoic acid or methyl-paraben were generally more 
inhibitory against S. enteriditis than L. monocytogenes. 
Oil of basil at 0.2% was the most potent oil with 
organisms being undetectable ( < 10 CFU/ml) at all 
times except 1 h where there was only 1.4 log lo CFU/ml 
which represented a reduction of 4.6 log I0 compared to 
the control. Oils of fennel and anise exhibited similar 
patterns of inhibition until 48 h when growth was 
reduced by 4.0 log 10 and 2.6 log, 0? respectively. Benzoic 
acid and methyl-paraben exhibited little inhibition over 
the 48 h period. 

As with L. monocytogenes, a combination containing 
methyl-paraben was more inhibitory than one contain- 
ing benzoic acid. Thus for oils of fennel or anise in 
combination with methyl-paraben organisms were un- 
detectable at all times. Furthermore synergistic inhibi- 
tion was evident at all times but particularly after 24 
and 48 h where there was over 6.0 and 3.0 log 10 more 
inhibition than with the separate components. Synergis- 
tic inhibition was not evident with oils and benzoic acid 
where growth was reduced by 1-3 log, 0 at all times. 

Microbes were undetectable in 0.2% oil of basil in 
combination with methyl-paraben at all times of cul- 
ture. Oil of basil (0.2%) with benzoic acid was less 
inhibitory but there was significant reduction of growth 
at all times. Synergistic inhibition was not detected with 
any of these combinations. Oil of basil (0.02%) singly 
and in combination was weakly inhibitory at all times 
with synergy being undetectable. 



4. Discussion 

It has been recognised for some time that no single 
preservative will be completely effective against micro- 
organisms which contaminate food. Combination 
preservatives such as those described ' here, therefore 
seem preferable as they will have the potential to elimi- 



nate a broad range of microbes and will be more 
effective than single preservatives because of their mul- 
tiple modes of action. Furthermore, as plant oils con- 
tain many active ingredients it is unlikely that 
micro-organisms would be able to mutate a sufficient 
number of genes to generate resistant strains for sur- 
vival. 

Synergistic effects by combinations of preservatives 
have been well documented however this is the first 
reported case of synergistic inhibition by combinations 
of plant oils and derivatives of benzoic acid against two 
of the major causes of food-borne illness namely L. 
monocytogenes and S. enteriditis. Oils used were fennel, 
anise and basil as they have similar active ingredients 
[15] whilst fennel has already been shown to synergisti- 
cally inhibit a range of bacteria and yeast in combina- 
tion with paraben [12]. Benzoic acid and methyl- 
paraben were used as their importance in combination 
preservative systems has been described previously 
[4,12]. 

In this study, combinations containing oil of fennel 
were, in the main, more inhibitory than those contain- 
ing comparable concentrations of oil of anise or basil. 
Although all have estragole in common, oils of fennel 
and anise contain anethole but the increased activity of 
combinations containing fennel may be due to active 
ingredients which are unique to fennel such as fenchone 
and a-pinene [15]. 

Combinations containing methyl-paraben were more 
inhibitory than those containing benzoic acid. Phenolic 
compounds such as methyl-paraben are known to be 
more inhibitory than benzoic acid [16], however a 
drawback with this paraben is its increased toxicity and 
taste. These may not however be a problem within a 
combination which is synergistic (as most of the 
methyl-paraben containing combinations have been de- 
scribed in this study) as one or indeed both compounds 
of the combination could be used at a relatively low 
concentration. 

It is clear from this study that S. enteriditis was more 
susceptible to inhibition by each combination than L. 
monocytogenes. It is unclear at this stage why this 
should be, but the obvious difference between these two 
micro-organisms is the structure of the cell wall and it 
may be that this is one or more of the targets of each 
combination. In this regard paraben and benzoic acid 
have been shown to disrupt bacterial cell walls [17] and 
it is reasonable to suggest that damage to the cell wall 
could then facilitate the uptake of oil so that it then 
reaches its intracellular target. This mechanism of syn- 
ergy is in agreement with the permeabilization synergy 
theory of Denyer et al. [18]. The precise mode of action 
of each combination will be the subject of future inves- 
tigations. 

Much emphasis has been placed on the activity of 
each combination but it is important to point out the 
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potent activity of oil of basil on its own, where both 
micro-organisms were undetectable ( < 10 CFU/ml) af- 
ter only 4 h of culture in 0.2% of basil. It would be 
interesting to further determine the properties of this oil 
in both broth and food. 

Although this study investigated the activity of com- 
binations of plant oils and chemical preservatives over 
a 48-h period, at one pll (physiological pH) and only in 
laboratory medium, it does show the potential of these 
novel combinations as potent inhibitors /,. monocytoge- 
nes but in particular 5. enteriditis. Further studies will 
consider each of the above points, however emphasis 
will be placed on inhibitory experiments at lower tem- 
peratures such as 4 and 10°C. Indeed it has previously 
been mentioned that L. monocytogenes can grow at 
4°C More recently Jones et al. [19] have shown the 
fatty acid composition of the cell wall of this microbe 
to change at 4°C It would be interesting to discover if 
these cells could be further inhibited by a combination 
at lower temperatures. 
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